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INTRODUCTION

Water quality parameters were monitored by District personnel
throughout the Upper Kissimmee Chain of Lakes from July 1973 to June 1974.
Major-emphasis was placed on monitoring lakes Tohopekaliga (Toho), Cypress,
Hatchineha, and Kissimmee. Selected stations in East Lake Tohopekaliga (East
Toho) were 1a£er added to the sampling schedule. In addition, one sample station
was included in Shingle Creek, upstream from Lake Tohopekaliga. Samples of the
benthic fauna were obtained from several locations in each lake twice during

the year.

MATI RIAL AND METHODS

Sampling locations were chosen in order to represént the water quality
throughout the system of lakes while also reflecting the quality of selected
surface water inflows. Actual sample sites were located in the field by their
relation to shoreline configurations and conspicuous léndmarks. The approximate
locations of sampling stations are indicated in Figure 1.

Water quality data were taken on six different occasions during the study
(Table 1). Stations 1-19 were sampled July 23-25, 1953; October 29-31, 1973;
January 22-30, 1974; April 18-20, 1974; and June 18-20, 1974.. Only Stations 1,
3, 4, 5, 9, 11, 13, 14, 16, 18, and 19 were sampled on October 3, 1973. Stations
21-25 were sampled in January, April, and June 1974.

At each station pH, dissolved oxygen, specific conductivity, and temperature

T.M

were measured using a HYDROLAB " Surveyor Model 6D. Measurements were ocbtained

at the surface and at one meter intervals to the bottom. Samples of water
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TABLE 1 Sampling schedule for Kissimmee Chain of Lakes, July 1973 - June 1974
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from the lake surface were collected in the field, stored in polyethylene
plastic bottles, refrigerated, and returned to West Palm Beach for laboratory
analyses. Total Kjeldahl nitrogen (TKN) and total phosphate (PO4) concentrations
were determined on unfiltered lake water. Samples for determination of NO,,
NO3, NHS’ ortho-P04, total dissolved P04, Cl1, SiOz, Ca, Mg, Na, and K were
filtered in the field through a 0.45 micron filter. During the January 1974
sampling trip, additional water samples were obtained from within 0.5 meter
of the bottom using a Niskin water sampler,

In October 1973 and June 1974, samples of the benthic fauna were obtained
from approximately one-half of the stations with a 6 x 6 inch Ekman dredge.
The contents of th= dreﬁge were washed through a 20-mesh seive (850 micron
openings) with lake¢ water. The remaining organisms and detritus were then
placed into quart jirs, labeled, and preserved with a 10% formalin solution.
After return to West Palm Beach these samples were again washed through a 20-
mesh seive and floated in a sugar-water solution to facilitate separation of
organisms from detritus, All organisms were identified and counted. In October
1973, two Ekman grabs were secured at each station sampled. The combined results
were doubled to yield the number of organisms per square foot of bottom. During

June 1974, four grabs totalling 1 square foot were obtained at each location.

RESULTS

WATER QUALITY

Values for the various water quality parameters have been presented as con-

centrations of the principle element. For instance NO,, NOg, NHS’ and TKN are




expressed as ppm N while ortho-PO,, total PO4 and total dissolved PO4 are expressed
as ppm P.

In the text of this report the data for lakes East Toho, Cypress, Hatchineha,
and Kissimmee are presented as the average of the four or five stations sampled
in each lake. Concentrations of the various parameters measured throughout
Lake Tohopekaliga varied considerably so data from selected stations have been
reported.

Complete water quality data are presented in Appendix I and selected summa£ized

data appear in Table 2 in this section.

pH
Hydrogen-ion concentrations throughout this chain of lakes were generally
between pH 6.0 and 8.0. Values of pH in excess of 8.0 and as high as 9.2 were
occasionally reported, usually accompanying phytoplankton bleooms. The higher pH
values were repor;ed during April, June, and July, while lower values occurred
in October and January. The pH values from the Shingle Creek station were con-
sistently lower than those from Lake Tohopekaliga, ranging from 5.6 on October 3,
1973 to 7.2 in June 1974. East Lake Toho exhibited a pH value between 6.0 and

7.0 during the months of January, April, and June.

Specific Conductivity

Conductivity measurements (Table 2a) throughout the system of lakes were
generally between 75 and 200 micromhos/cm. Values in excess of 200 were reported
from Shingle Creek in June, July, January, and April. Average conductivities
for lakes Cypress, Hatchineha, and Kissimmee were within a range of 25 units for
each sampling date except July 1973. Conductivity in these lakes was lower in
October and January (88-135 micromhos/cm) and higher in April, June, and July

(121-171 micromhos/cm).




Nit;ggpn Parameters

Nitrite concentrations in the Kissimmee lakes wefe generally below the limits
of detection (.004 parts per million or 4 ppb) but were occasionally between 5
and 7 ppb. Concentrations in excess of 10 ppb occurred mainly in Shingle Creek
and the north end of Lake Toho. Only in two samples from Lake Hatchineha and
one each from East Toho and Kissimmee did NO, values exceed 10 ppb.

Nitrate (NO3) values from the Kissimmee lakes showed no definite patterns,
either throughout the system on a given sampling date or on a seasonal basis.

At times several stations or lake averages had concentrations of NO; that were

at or near the level of detection of 4 ppb, while other lakes and stations had
concentrations of 40- 80 ppb. .Usually, NOz concentrations were low in areas where
field observation indicated high phytoplankton activity. In East Toho however,
NO; concentrations were always low (4-6 ppb) and there were no observable plankton
blcoms. Ni;rate concentrations in Shingle Creek and at the north end of Lake

Toho were often considerably higher than concentrations throughout the remainder
of the system and ranged as high as 198 ppb.

Ammonia concentrations in the surface water of the Kissimmee Lakes exhibited
no discernible trends and ranged from below the limit of laboratory detection
(10 ppb) to 80 ppb.

Total Kjeldahl nitrogen (TKN) is a measure of nitrogen combined in organic
forms such as proteins and amino acids, and includes decomposition products and
ammonia. TKN values (Table 2b) were generally lower in lakes Cypress, Hatchineha,
and Kissimmee than they were in Lake Toho. TKN values were also lower in Shingle .
Creek than in Lake Toho, probably because the creek was usually flowing and less
likely to have large plankton populations. East Toho exhibited lower TKN values
than the other lakes during January, April, and June 1974. On a yearly basis

the general trend for the four lower lakes was low TKN concentrations in October,




with higher values during the warmer months. Values recorded in April from
lakes Hatchineha and Kissimmee did not follow this trend.

Phosphorus Parameters

Water from the upper Kissimmee Lakes was analyzed for total phosphate,
total dissolved phosphate, and ortho-phosphate. From these values, the dis-
solved organic and particulate phosphate fractions can be determined.

Ortho-phosphate concentrations in the waters of lakes East Toho, Cypress,
Hatchineha, and Kissimmee were often near or below the limits of detection (.002
pPpm or 2 ppb). Only during early October 1973, in lakes Cypress and Hatchineha,
and during June 1974 in Hatchineha, were ortho-phosphate levels in excess of 10 rpPb
encountered. In contrast, ortho-phosphate levels in Lake Tohopekaliga were
encountered below 10 ppb only at Station 15 in January 1974 and Stations 15 and 14
in June 1974. Shingle Creek was one major source of ortho-phosphate input.
Concentrations recerded in Shingle Creek ranged froml140 to over 3000 ppb. The
northernmost station in Lake Tohopekaliga likewise had high ortho-phosphate values,
ranging from 320-760 ppb. On each date sampled ortho-phosphate concentrations
decreased from north to south in Lake Tohopekaliga. This trend was continued
throughout the remainder of the chain of lakes.

The same basic trend noted for ortho-phosphate concentrations was apparent
for the total phosphate values also. Beginning with Shingle Creek and the north
end of Lake Tohopekaliga, total phosphate values consistently decreased southward
through lakes Cypress, Hatchineha, and Kissimmee. Total phosphate concentrations
in Shingle Creck ranged from 428-3310 ppb, and from 600-880 ppb at the north
Lake Toho station (19); Throughout the lowér three lakes, total phosphate ranged
‘from 14-127 ppb. On the dates sampled, total phosphate values for East Lake Toho

were within the ranges of the lower three lakes.




On an annual basis, lakes Kissimmee, Hatchineha, Cypress, and the snuth
end of Lake Tohopekaliga had high total phosphate concentrations in the summer

and fall, and low concentrations during the winter and spring months.

Ch}oride and Silica

| Chloride concentrations (Table 2c)} throughout the system averaged about
20 ppm and ranged from 13.7 to 26.4 ppm. Chlorides in Shingle Creek ranged as
high as 30.8 ppm. Seasonélly, concentrations throughout the system were highest
during spring and summey, and lowest in autumn and winter.

Shingle Creek was a major source of silica input into the system with con-
centrations ranging from 6.86 to 10.95 ppm. Silica concentrations in the remainder
of the system ranged from below detection {0.40 ppm) to 4.57 ppm (Table 2d).

Silica concentratiors were generally highest throughout the lakes in June and July.

Major Cations

Calcium, magnesiwai, sodium, and potassium concentrations (Table 2e) were
determined from water samples collected during each of the sampling periods.
On any given date, concentrations of these cations in lakes Kissimmee, Hatchineha,
Cypress, and the south end of Lake Toho were usually within a narrow range.
Sodium and potassium concentrations decreased slightly through the chain of
lakes from north to south.
Shingle Creek generally exhibited the highest concentrations of the cations.
Calcium and sodium concentrations were often twice those of the lower lakes.
During the first year of sampling, the cation concentrations were higher
in the spring and summer months and lower in the autumn and winter.

Surface and Bottom Measurements

Data from the surface and bottom sampling during January 1974 indicated that
the lake waters were well mixed vertically (Appendix I). Concentrations of the
various parameters in the bottom waters were not greatly different from the

surface measurements.
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Table 2. Summary of Selected Water Quality Data from Kissimmee River Chain
of Lakes, July 1973 - June 1974
Lake July 1973 Oct. 3, 1873 Oct. 30, 1973 Jan. 1974 Apr. 1974 June 1974
(a) Specific Conductivity - micromhos/cm
E. Toho 102 109 129
Shingle Creek 205 120 170 215 290 310
Toho South 2 200 140 135 99 l60 210
Cypress 171 135 100 88 140 166
Hatchineha 140 110 91 90 141 146
Kissimmee 121 120 110 102 147 148
(b) Total Kjeldahl Nitrogen TKN - ppm
E. Toho 1.19 .65 .97
Shingle Creek 1.02 1.08 .95 1.36 .82 l.46
Toho South 1.74 1.29 1.14 1.86 2.22 2.69
Cypress 1.45 .91 . 84 1.54 1.69 2.58
Hatchineha 1.46 .98 .99 1.70 .91 2.30
Kissimmee 1.09 1.06 1.07 1.44 .98 1.91
(c) Chloride - ppm
E. Toho ) 16.1 19.8 20.5
Shingle Creek 20.9 14.0 20.4 22.9 27.9 30.8
Toho South 26.4 21.1 19.4 17.6 21.4 22.1
Cypress 22.9 21.4 17.9 17.9 21.3 23.0
Hatchineha 17.4 18,4 13.7 15.5 18.4 - 20.0
Kissimmee 16.4 20.3 16.0 18.6 18.7 19.4
(d) Silica - ppm
E. Tcho .52 .65 .96
Shingle Creek 8.57 6.86 10.67 8.05 7.39 10.95
Toho South 1.68 1.19 <.40 <. 40 .84 1.78
Cypress 4.57 1.02 .35 .54 .97 4.04
Hatchineha 4,30 2.46 2.96 2.55 .94 3.06
Kissimmee 2.96 3.12 2.92 2.30 1.62 2.53
(e) Major Cations - Range in Concentrations - ppm
Ca Mg Na K
E. Toho 2.9-5.4 2.7-3.1 11.4-13.0 1.6-1.8
Shingle Creek  10.2-20.0 3.5-5.4 8.3-39.0 2.1-4.0
Toho South 5.3-9.5 3.3-4.4 13.1-20.0 2.0-2.4
Cypress 3.9-8.0 3.0-4.2 11.6-17.3 1.4-2.5
Hatchineha 6.3-8.6 3,.3-4.2 8.8-12.7 0.75-1.6
Kissimmee 5.3-8.0 3.1~3.8 10.8-13.4 0.9-1.4
1 Values for lakes East Toho, Cypress, Hatchineha, and Kissimmee are the
average of all stations sampled in each lake.
‘ Toho South values are for Station No. 14 only,
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Water temperatures usually differed from less than 1 to 3° C between
surface and bottom waters. Temperature differences were least in the early
morning, then increased as the sun warmed the surface waters later in the day.
Dissolved oxygen concentrations usually differed less than 1 ppm between the
surface and bottom waters. Measurements of pH were usually 0.3 to 0.4 units
higher at the surface than at the bottom.

Conductivities varied only slightly through the water column from top to
bottomf At 15 of 24 stations the conductivity remained constant or varied only
one unit between the surface and the bottom. At the remaiﬁing stations conductivity
increased toward the bottom. The maximum difference between surface and bottom
conductivities was 15 micromhos/cm, recorded at Station 19.

Values for nitragen and phosphorus constituents were often identical on
the surface and at tfe bottom of the water column, or differed only slightly.
Occasionally TKN or total PQ4 concentrations were higher at the bottom of the
water column than at the top.

Similarities in the data for the major ions also support the contention

the lake waters were well mixed.
BENTHIC INVERTEBRATE FAUNA

Lake Configurations and Bottom Types

A brief description of the various lake contours is provided to familiarize
the reader with the general benthic habitats in the Kissimmee Basin. Maps and
contours were obtained from the U.S. Army Corps of Engineers.

East Lake Tohopekaliga has a uniform basin shape which slopes from about 58
feet at the shoreline to a minimum elevation of about 40 feet msl.

One sample obtained from near the center of the lake (Station 24) (Figure 1)

revealed the bottom sediments composed of at least 8 inches of fine silt, In
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Fells Cove (Station 23}, the bottom consisted of one inch of loose silt over
a more compacted silt-like substance.

Lake Tohopekaliga has a far more irregularly contoured bottom than East
Tohopekaliga and consists of three basins aligned in a north to south direction.
The lake depth averages from about 7 to 8 feet, but during high water stage, the
deepest portion is about 12 feetrdeep. Benthic samples were secured in October
1973 and June 1974 at Stations 19, 16, and 14. The bottom sediments at Stations
19 and 14 consisted of mud and silt, while Station 16 consistgd of mud and
detritus mixed with sand.

Lake Cypress is a simple saucer-shaped basin which slopes very gradually
toward the center. The deepest portion of the lake lies at 42 feet msl and is
about 10.5 feet deep during high lake stages. Sediment from Station 11 near the
center of the lake.contained mud, silt, and sand. The bottom at Station 13,
near the mouth of C-35, was mainly composed of sand and some silt.

Lake Hatchineha has an elongated trough-like basin and is oriented in a
northwest to southeast direction. The basin slopes from a shoreline elevation
of 52.5 feet msl to 41 feet msl at the bottom. The eastern extension of the lake
is generally more shallow with most of the bottom lying at elevation 45 feet msl
or above. Station 1 on the western side of the lake had a bottom composed of
mud, silt, sand, and detritus. Bottom sediments from Station 9 in the shallow
east portion of the lake were composed of sand and silt,

Bottom contours in Lake Kissimmee are extremely irregular. There are four
islands in the lake, surrounded by varying expanses of shallow water, and
two deeper portions where water depth may reach 19 feet during the high stage.

At Stations 3 and 5 the bottom sediments were composed mainly of sand. At

Station 4, the bottom was composed primarily of mud and silt.
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Benthic Invertebrate Species Composition and Density

Eighteen species of invertebrates were recovered from the benthic sampling
in fhe Upper Kissimmee Chain of Lakes during October 1973 and June 1974. Members
from the ﬁhylum Annelida were only identified to class (i.e. Oligochaeta,
Hirudinea) whereas all other organisms from the phylum Mollusca and Arthropoda
were identified to genus, and in many cases, to species.

Tables 3 - 7 present the number of each organisms recovered per square foot
of benthic subsirate at each station. Table 8 summarizes the species éomposition
of lakes Toho, Cypress, Hatchineha, and Kissimmee based on two samplings. The
species composition of the four lakes was similar. Eleven of the eighteen species

recovered were present in all of the lakes.
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Table 3. Benthic Composition of Lake Tohopekaliga (#-organlsqs/ft )

Station

SBecies Date

- 16

14

10-73

6-74

10-73 6-74 10-73

6-74

ANNELIDA
Oligochaeta
Hirudinea

AMPHIPODA
Hyalellidae
Amphitoe aatecus

PELECYPODA
Corbiculidae
Corbiteula leana
Unionidae
Elliptio sp.

GASTROPODA
Viviparidae
Viviparus sp.

DIPTERA

Chirenomidae
Glyptotendipes paripes
Pentaneurini sp.
Procladius sp.

Culicidae
Chaoborus punctipennis

Ceratopogonidae
Culicoides sp.

HEMIPTERA
Corixidae
Trichocoriza sp.

20
6

I oo

170 21 20
14 34

332 2217
38 34 20

13
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Table 4. Benthic compesition of Lake Cypress (¥ organisms/ftz)

Station

Species Date

ANNELIDA
Olipochaeta
Hirudinea

AMPHIPODA
Hyalellidae
Amphitoe aztecus

PELECYPODA
Corbiculidae
Corbicula lLeang
Unionidae
Elliptic sp.

GASTROPODA
Viviparidae
Viviparus sp.

DIPTERA
Chironomidae
Glyptotendipes paripes

Chironomus (Cryptochironomus) sp.

Pentaneurini sp.

Procladius sap.
Culicidae

Chaoborus punctipennis
Ceratopogonidae

Culicoides sp.

EPHEMEROPTERA
Ephemeridae
Hexagenia limmophila

13 (11
10-73  6-74 10-73  6-74
168 22 74 19
4 18 28 2
1
2 11 2
4 1 1
8 6
28 19 88
2 2
2 36 2
2 1
1
2
3
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Table 5. Benthic composition of Lake Hatchineha (# organisms/ftz)

Station 9

Species Date 10-73 6-74

10-73 6-74

ANNELIDA
Oligochaeta 30
Hirudinea 2 43

AMPHTPQDA
Hyalellidae
Amphitoe aztecus 8 45

PELECYPODA .
Corbiculidae
Corbicula leana
Unionidae
Elliptio sp. 2

GASTROPODA
Viviparidae
Viviparus sp. - 2 2

DIPTERA
Chironomidae
Glyptotendipes paripes 6 5
Pentaneurini sp. 12
Procladius sp. 4
Culicidae
Chaoborus punetipennis 2 1
Ceratopogonidae
Culicoides sp. 13

EPHEMEROPTERA
Ephemeridae
Hexagenia limmophila 61
Caenidae
Caenis diminuta _ 1

12 5
2 1

11

18




Table 6. Benthic composition of Lake Kissimmee (# organismé/ftz)

Station

Species Date

10-73

6-74

10-73 6-74 10-73

6-74

ANNELIDA
Oligochaeta
Hirudinea

AMPHIPODA
Hyalellidae
Amphitoe aztecus

PELECYPODA
Corbiculidae
Corbicula leana
Unionidae
Elliptio sp.

GASTROPODA
Viviparidae
Viviparus sp.

COLEOPTERA -
Dytiscidae
Hydrovatus strigtus

DIPTERA

Chironomidae
Glyptotendipes paripes
Pentareurini sp.
Procladius sp.
Tanytarsus sp.

Culicidae
Chaoborus punctipennis

Ceratopogonidae
Culicoides sp.

EPHEMEROPTERA
Ephemeridae
Hexagenia limmophila
Caenidae
Caenie diminuta

TRICOPTERA
Psychomyiidae
Lype sp.

o]

12

69
13

16

34

40

14 14 14

22 14 i2

167
5

12
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Table 7. Benthic composition of East Lake Tohopekaliga {# organisms/ft")

Species

ANNELIDA
QOligochaeta
Hirudinea

PELECYPODA
Corbiculidae
Corbicula leana

DIPTERA
Chironomidae
Glyptotendipes paripes
Culicidae
Chaoborus punctipennis
Ceratopogonidae
Culicoides sp. -

EPHEMEROPTERA
Ephemeridae
Hexagenia limnophila

Station 24

Date 6-74

11

23

6-74

13
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Table 8. Presence of species in each lake during October 1973 and/or
June 1974 sampling

. Lake Lake Lake Lake
Species Tohopekaliga Cypress Hatchineha Kissimmee

ANNELIDA
Oligochagta : X X X X
Hirudinea X X X . X
AMPHIPODA
Hyalellidae
Amphitoe aztecus X X X X
PELECYPODA
Corbiculidae
Corbicula leana X X X X
Unionidae
Elliptio sp. X X X X
GASTROPODA
Viviparidae
Viviparus sp. X X X X
COLEOPTERA :
Dytiscidae
Hydrovatus striatus X
DIPTERA
Chironomidae
Glyptotendipes paripes X
Chironomus (Cryptochironomus)sp.
Pentaneurini sp. X
Proecladius ep. X
Tanytarsus sp.
Culicidae
Chaoborus punctipennis X X X X
Ceratopogonidae
. Culicoides sp. X X X X
EPHEMEROPTERA .
Ephemeridae _
Hexagenia limmophila X X X
Caenidae
Caenis diminuta X X
HEMIPTERA
Corixidae
Trichocoriza sp. X
TRICOPTERA
Psychomyiidae
Lype sp. X

i
<
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DISCUSSICN

Visual cbservations and HydrolabT'M' measurements made throughout the
sampling period characterize the physiéal nature of the surface waters through-
out the chain of lakes. Most of the lakes were noted as having darkly colored
waters. Occasionally Secchi disc measurements were low, often less than 50 cm.
Wegener and Holcomb (1972) reported an increase in turbidity measurements in
Lake Tohopekaliga due to windy conditions and influxes of tannic substances
following peak rainfall.

Hydrogen ion concentrations were generally below pH 7.0 in October and
January throughout the basin, and in Shingle Creek throﬁghout the year. The
acidic character of the water was lost during the warmer months of the year.

This could have been due to an increase in photosynthesis by phytoplankton which
removed CO02 from the water.

Hydrolab profiles of dissolved oxygen and temperature showed very little
variation through the water column at any time of the year (except during isolated
plankton blooms). This indicated that lake waters were holomictic (well mixed
and not subject to stratification).

Water quality data indicated that two areas contributed high concentrations
of nitrogen and phosphorus compounds as well as some cations and other substances
to the surface waters of the basin. Shingle Creek, which drains the area south-
west of Orlando, contained high concentrations of several nitrogen and phosphorus
compounds. Nitrate values were observed as high as 198 ppb. Ortho-phosphate
and total phosphate concentrations were observed in excess of 3300 ppb. Water
flowing into the north end of Lake Tohopekaliga is also a likely source of nutrient
loading. 1In some instances throughout the study, concentrations of nitrate, nitrite,
ortho-phosphate, and total phosphate were higher in the north end of the lake

than in Shingle Creek. Wegener and Holcomb (1972) isolated three sources of
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nutrient laden wéter entering Lake Tohopekaliga north of Shingle Creek. In
addition, concentrations of Ca, Mg, Na, K, and SiO2 in Shingle Creek and the
north end of Lake Toho generally exceeded all other values obtained throughout
the system of lakes on a given date. In contrast, water quality from the
stations adjacent to Canoe Creek (C-34) in Lake Cypress, Reedy Creek {Dead River)
in take Hatchineha, and Tiger Creek in Lake Kissimmee did not indicate that these.
were major sources of enrichmént to their receiving bodies.

Some of the chemical parameters indicated distinct spatial trends throﬁgh-
onut fhe chain of lakes on a given date. Seasonal or annual trends were like-
wise apparent.

Phosphorus is an essential element in the growth of plants and animals and
s found in water almosti exclusively in the fully oxidized states, as various
forms of phosphate. The concentrations of both ortho-phosphate and total phosphate
declined from north to south through the chain of lakes from Shingle Creek through
lakes Tohopekaliga, Cypress, Hatchineha, and Kissimmee (Figures 2 and 3). For
each date sampled, there was a rapid initial decline in concentrations from
north to south within Lake Toho and a more gradual decline through the remaining
lakes. This phosphorus may be utilized by phytoplankton and/or macrophytic
plants in Lake Toho at a very rapid rate. Concentrations of phosphorus can be
related to actual quantities once a detailed water budget has been prepared. These
results, when coupled with further chemical and biological studies would aid in
determining more exactly the pathways of phosphorus throughout Lake Toho and
the remainder of the Kissimmee Basin. On a seasonal basis total phosphate con-
centrations were highest in the wet season months and lowest in the dry season.
The relationship between phosphate concentrations and rainfall becomes apparent
when the values from October 3, 1973 are compared with those from QOctober 30,
1973 (Figure 2 and Table 9). In the 14 days preceding the October 3 sample,

the town of Kissimmee recorded 5.6 inches of rainfall. In contrast only 0.34
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Table 9. Total Phosphate Concentrations in ppm Throughout the Kissimmee
October 2-3, 1973 and October 29-31, 1973.

Basin Lakes,

Lake

Toho North (19)

Toho Center (16)
Toho South (14)
Cypress [(Average)
Hatchineha (Average)

Kissimmee (Average)

October 2 - 3, 1973

October 29 - 31, 1973

0.

0.

572

381

.140
.110
.067

.036

>0.500
0.202
0.107
0.050
0.040

0.027

23
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inches of rainfall were recorded for the 14 days prior to the October 30 sample.
Total phosphate concentrations in the lake waters of the basin were considerably
higher in the beginning of October than at the end of the month. This could
have been due to surface runoff or increased groundwater movement into the basin
carrying higher amounts of phosphorus from the surrounding land.

Trends for the various nitrogen compounds were less consistent than for
phosphorus compounds. Nitrates and nitrites were usually greater in.Shingle
Creek and the north end of Toho than in the rest of the lake. No other trends
were apparent throughout the remainder of the basin. Nitrate, nitrite, and
ammonia are all component forms of the nitrogen cycle and are therefore dependent
on complex biological relationships. For example, high NO3 concentrations in the
water may be the resulr of surface runoff, sewage treatment plant discharge, or
biplogical decompositioi. Low NOz concentrations are oftgn evidence that all
available nitrate has been utilized by biological activity. To be fully mean-
ingful, nitrate and other forms of nitrogen concentrations in lake water must be

considered with reference to phytoplankton population dynamics and other biological

processes.

Two of the cations, Na and K generally decreased in concentration in the
lake waters from north to south. This response indicated that the major loading
occurred in Shingle Creek and the north end of Lake Toho. As the water flowed
southward through the chain of lakes, concentrations decreased as these elements
were either utilized biologically or chemically, or diluted.

Water quality data were obtained from Lake Okeechobee from June 1973 to May
1374 (Davis and Marshall, 1975) and for Lake Istokpoga in Highlands County
from August 1973 to September 1974 (Milleson, 1975). Lake average values from
these lakes were compared with data from the Kissimmee Basin lakes during a

comparable time period. 1In Table 10, lakes Cypress, Hatchineha, and Kissimmee




Kissimmee Basin

Toho North

Toho South1

1

Lake Okeechobee2

Lake Istokpoga3

Kissimmee Basin
Toho North
Toho South
Lake Okeechobee

Lake Istokpoga

| Table 10: Water Quality Data from Selected Florida Lakes - Range of
Concentrations in ppm
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NO2 NOz TKN 0-POy T-POy
<.004-.010 <.004-,0068 .84-2.58 .002-.036 .014-.127
<.004-.019 <.004-.139 .91-2.50 .320-.760 ,572-.880
<.004-.006 <.004-.076 1.14-2.69 .003-.045 .074-.140
.004-.010 .008-.152 1.23-2.,23 .002-.008 .027-.397
<.004-,005 <.004-.051 .70-1.28 <,002-.029 .036-.056
Ca Mg Na K C1
3.9-8.6 3.0-4.2 8.8-17.3 0.7-2.5 13.7-23.0
11.2-15.%6 3.2-4.4 9.0-20.0 2.5-3.7 13.6-26.4
5.3-9.5 3.3-4.4 13.1-20.0 2.0-2.4 17.6-26.4
37.9-56.9 13.8-19.3 51.5-60.6 3.8-5.9 73.6-98.3
3.2-6.8 2.2-4.0 6.2-10.2 1.2-1.8 10.5-16.2

1. Values from July 1973 - June 1974

2. Values from June 1973 - May 1974

3. Values from August 1973 - September 1974




26

have been grouped together under the heading Kissimmee Basin. East Lake Tohopekaliga
was not considered because a full year‘é data was not available. The variations
in chemical concentrations which have been observed in Lake Tohopekaliga have
necessitated a separate listing of some individualstations. Chemical concentrations
were generally highest in the north end of Lake Toho (Station 19) and lowest
in the south end (Station 14).

Concentrations of nitrate and total phosphate in the Kissimmee Basin
generally exceeded those of Lake Istokpoga, but were lower than concentrations
found in Lake Okeechobee. Nitrite concentrations in all of the lakes were similar.
Lake Okeechobee had the lowest ortho-phosphate concentrations, whereas the
Kissimmee Basin lakes coatained the highest levels. Major cation and anion
(Ca, Mg, Na, K, and Cl) concentrations were lowest in Lake Istokpoga. Lake
Okeechobee had considerably higher levels of Ca, Mg, Na and Cl than the Kissimmee
lakes,

Lake Tohopekaliga has been treated under two separate listings because
of the extreme differences in concentrations found between the north and south
ends of the lake. Concentrations of nitrate, ortho-phosphate, total phosphate,
mijor cations, and chloride in the southern portion of Lake Toho were only slightly
in excess of values throughout the remainder of the Kissimmee Basin. Of the major
cations only calcium had considerably higher concentrations in the north Toho
station than the rest of the basin. The highest concentrations of nitrate in
north Toho were nearly double those in the remainder of the Kissimmee basin, and
was nearly as high as in Lake Okeechobee. Ortho-phosphate and total phosphate
concentrations in the north end of Lake Toho were the highest of all lakes con-
sidered.

The cursory sampling schedule for the invertebrate fauna of the lake bottoms

obviously did not represent all of the different benthic habitats {water depths,
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sediment types). Complete representation of the entire benthic fauna is

- unlikely, and changes in species types or numbers due to seasonal variation

were not well represented. Despite this, it generally appeared that the species

composition of the benthic fauna of lakes Tohopekaliga, Cypress, Hatchineha,

and Kissimmee was similar.

For comparison, benthic invertebrate data were obtained from Lake Tohopek-
aliga {Wegner and Holcomb, 1972), A total of 131 samples of the benthic fauna
were obtained from the limnetic portion of the lake between 1969 and 1971. The
species list provided by Wegener and Holcomb included several additional species
not found in our samples. This was probably due to the large number of samples
taken and the variety of substrate types sampled. These additional species were
primarily members of the Orders Ephemeroptera, Odonata, Tricoptera and Coleoptera,

The major difference noted between the Wegener and Holcomb bgnthic samples
and those reported in this paper for Lake Tohopekaliga was the presence of the
Asiatic clam, Corbicula leana. No Corbicula leana were reported as of 1972 whereas
12 individuals were collected from six samples in October 1973 and Junme 1974. A
later publication (Wegener and Williams, 1974) reported the collection of Corbicu-
lidae individuals from limnetic Ekman sampies in December 1974,

CONCLUSIONS

1. Water from the five major Kissimmee Basin Lakes was well mixed during all
sampling periods and was not subject to any prolonged stratification.

2, Shingle Creek, which drains the area southwest of Orlando, Florida, and the
station in the north end of Lake Tohopekaliga, consistently had the highest
concentrations of nitrogen and phosphorus compounds, some major cations,
chloride, and silica. Nitrate concentrations ranged as high as 198 ppb as N,
and total phosphate concentrations were recorded in excess of 3300 ppb as P.

Based on these sampling results, Shingle Creek and tributaries




=

28

flowing into the north end of Lake Tohopekaliga were the major sources of
niétrient enrichment in the chain of lakes.

Concentrations of ortho-phosphate and total phosphate in the north end of
Lake Tohopekaliga and Shingle Creek were usually ten or.more times greater
than concentrations in the south end of Lake Tohopekaliga on the same date.
A more gradual decline in phosphate concentrations from nor;h to south
throughout the remainder of the lakes was evidenced from the sampling results.
On an annual basis, phosphate concentrations in the surface waters of the
system were higher in the wet season months (July 1973, early October 1973,
and June 1974) and lower in the dry season (late October 1973, January
1874, and March 1974).

Concentrations of ni:rate and nitrite were usually higher in Shingle Creek
and north Lake Toho than in the remainder of the lake.‘ No other trends for
nitrogen compounds throughout the basin were apparent.

Sodium and potassium concentrations in the surface water decreased from
north to south in the lower four lakes of the chain, Concentrations of
calcium, magnesium, chloride, and silica were more variable throughout the
basin.

The overall water quality in East Lake Tohopekaliga was similar to that

of lakes Cypress, Hatchineha, and Kissimmee. Nutrient concentrations in
the Kissimmee Basin lakes were generally higher than levels in Lake Istokpoga
(Highlands County)} and lower than concentrations in Lake Okeechobee. Major
cation (Ca, Mg, Na, K) and chloride concentrations were likewise lower in
Lake Istokpega and higher in Lake Okeechobee when compared to the Kissimmee

lakes,
Further analysis of the changes in chemical composition of surface water in

the Kissimmee Lakes will require investigation of additional factors such as
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rainfall, dilutions, tributary stream flows, water flow patterns, and com-
prehensive phytoplankton population studies to determine actual loadings

and nutrient cycles in detail,

The benthic invertebrate composition in the limnetic portions of lakes
Tohopekéliga, Cypress, Hatchineha, and Kissimmee was similar. From a total
of eighteen different species collected from these lakes, eleven were common
to all lakes.

A comparison of the benthic invertebrate data with samples collected from
1969 to 1971 in Lake Tohopekaliga indicates that the Asiatic clam, Corbiecula

leana, has recently become established in the benthic commmi ty.
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APPENDIX 1
Kissimmee Basin Lakes Water Quality Data

July 1973 - June 1974

A1l results in mg/1 except when noted and
specific conductivity ?Cond.Field) which is mhos/cm

0 indicates data missing

- indicates results less than
quoted 1imit of sensitivity
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RETRIEVAL DATE 06/19/75

JULy ga=235 1973 SURFACE

STAT IO NR=-P T-k TH-P ca MG nNA K cL S102
NyMaFR MG/ MG/ My /L TiT H=CA Aab, MG /L MG/L MG/L

PR L K- R =R <= el = L =] Rt R LR v [ RRE S B - el PR E  FEE e g npirdiid e [-X-R Y- X 340 25 30 AT B - X X-X- 2. F.%-F- I-X-X-X-2-2-X-X-4
L- 18 . TRV 1.760 i 16,7 4,3 20 .4 3.30 20,9 8.6
L- 14 Plahi T30 O 14 .k 4.4 U 266 20,0 4.1
L- 17 126 o 305 d! Da 3.8 1744 l1.82 27+ 1.2
L= 1% NaR e 2411) f 1.1 443 1¥.1 2e2T 2544 1.7
L- 15 T 1575 ¢ 9,5 44 19.9 2etrl 261 1.5
L= la ,M1n .12 0 9.5 A 20.0 2.37 264 1.7
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L= 172 <0073 T3S 3] Hael .9 17.6 2.07 272.h 5.2
L= 11 PR EVK « 100 r e 3.7 17.9 3.17 224 4.8
L- 1 o Nibee NGETE fi 7.0 3.9 la.0 2.1% 22.1 5.7
L- A -0 ,Q007 e 3506 0 Qa? A7 12.8 »95 17.6 5.2
L- 9 NP R n 70 4,0 13.0 1.54 19.3 3.6
- 1 10 L 50 " 1c.i 4of 12.0 mnunw mﬂ.\u nvom
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RETRIEVAL DATE 06/19/75

OCTORER 29-31 1973 SURFACE

STATION TEMP DeDs PH COND SECCHI NOZ2-N NO3=-N NH3-N TKN

NUMRER DG~C MG/L FIFLD FIFLD CM MG /L MG/L MG/L MG/L
REFOOREE REBOSDHD SESHBHES  DRODBERE GRODENHE  poRBUREL  BLBOBAEH  SEoSBRRR conGRudd  BRRBEROLR

L- 18 20,40 6.6 6.15 170, 0 .010 .019 -0.015 »95
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L~ 14 21.40 Rets 6.60 135, 9 -0.004 + 057 ~0.010 l1.14
L- 13 22.00 8.6 6.55 l10. o «004 «012 -0.010 75
L- 12 21.50 9,1 G.40 B9, 0 004 « 004 -0.,010 .88
_....l _.w Nwoﬂa 9.7 ﬂuuo —.H.Qo Q OOOm . 028 lOoOHO +88
L- 10 22.00 B.3 6.00 91, 0 « 006 013 « 045 .85
L- 8 20.50 6.7 6.00 at, U .011 . 052 026 22
- 9 2l1.00 Teta 6.20 92. 0 014 «089 «016 «87
t- 1 20,R0 7.8 6.55 A6, 0 007 +074 -0.010 .B9
L- 2 22.00 6ot 5.95 98, 0 «006 « 046 «021 1.30
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L- 7 23.50 8.1 6.60 115. 0 « 004 =0.004 -0.010 1.17
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RETRIEVAL DATE 06/29/75
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n

A6,
0
117.
0
102,
n

9%,
0

A&
0

L]

NO?=N
MG /L.
L2 2 F-X-R- K X

0,004

-~ -~ A

011
011

« 005
.00g
007
008
=N, N4
-0, (4
A
N7
+M13
+NNB
. NNG
-33&
=-N,N04
05
N4
» 005
LN0G
0,004
=0 NN4
-N 004
afl 004
=i, 004
=0 ,0N4
-N,00N4
-, 004
0 004

NO3=N
MG/,
T LR

0,004
“-fh.nni
enlé
«N1l4
IOQQO&
lc.:o&
-0.004
lOuDQb
!DaQO&
.19333&-.
«168
+190
» 090
«117
« N8
e N11
=0.0064
«00S
~0e.004
« 004
'OODO’
=0,004
010
«N16
=0.004
=0.N04
« 007
=0,004
=04004

NH3=-N
MG/L
REHBGERER

+030

AL nYN
=0.010
. 030
=0.,010
IDQOHO
« 020
« 030
«010
~-0,010
+ 060
o060
«060
+080
060
080
« 030
=0,010
«040
ID.OHO
IO.OHD
-0,010
=N,010
+ 040
IO-OuD
«020
IO-OMO
«020
« 030
040

TKN
MG/L
(TTYITIT Y

« 97
1e22
1+62
3,26
l1.18
1.80

93
1.01
1.27
H-mm
1,34
1.40
1.82
2.81
1,43
2.84
1.80
2,18
2.03
1.97
1.86
1,97
1,35
H.oo
203
1.58
1.31
1.80
1.4%
1.582
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RETRIEVAL DATE 06/29/75

JANPARY AN=7) 1974

STATTINN
MIIMRF R

Bpttagirans

NP Pd-dPPPFPUDVYY~ =00 DD

TEMP

DG=C
2 X-X-2-X-X:-X

22,90
N“-TD
2290
PP AN
23,720
PR.5N0
23,00
P2.A0
PP .AN
27,40
P2 .RN
22,40
272,40
PR.P0
23,00
21,70
PARN
22,00

soRGpadOoUddsaRBRENREGERORESHORG

* wISSTMMEE | AKe RASIN - P32
BHRBBBBOHBVDOTUBGBBBINBEANGRNBOG

SUHRFACF AND ROTTOM

N.0.
MG/L
[T 22X 2 X2 %)

P e " ® s &P 8 B =
O DD D2V AW JpPbDMTANY =D 04

L]

NP O LD ND DN NND N N

PH

FIELN
TYTIYT Y

6,80
6.70
T.20
6,70
7.80
T.RN
7.00
6,60
7.70
6.90
7.10
6,80
7.20
6,AN
T.60
6,70
6,45
6,30

COND
FIELD
2T TEY

1720
170
55
A5,
Q0.
96 .
96
qR.
125,
175,
53,
)&o
125,
125,
12N,
140,
77,
R3.

SFCCHT

M
LI XX X2 22

T0,
n
Tls
4]
Q8.
0
1Nl
4]
7.
0

110,
n

1186,
n

1n4,
0
1n2.
f

NQO2=N

MG/L
2 2 Ty

=0.,004
=0.0N%
=N.004
-0,004
-, N04
-0, N0&
'3.0:&
- 004

011
0,004

006
=0eNN4
=-N,004
IDODQ}
=N, 004
=N, 004
“0,004
l:&Q:’

NO3=N
MG/,
GHOUBOGD

« 055
e 158

o NAT -

eN&0
«N90
eNT8H
« 0613
W NE2
12
0,004
« N34
« 010
=0,004
=0s0N4
IO.DDF
«0,004
«0,004
«Nia

NH3=N
MG/L
aEBURANY

020
« 030
«070
080
« 020
+020
+040
+040
_+ 020
-0,010
«080
+100
-0,010
lO-OHQ
020
o030

0,010

TKN
MG/L
ITT2 2T

1,70
1-80
1«80
1,70
1.50
Zesb0
1.30
1.60
1.30
.10
1.50
1.50
1.50
1460
1.50
1,40
1.40
led
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PP T YR Y TERER T LT T T L AL AL R LA
% wT1SSTMMEF LAwe BASIN -~ plg #
sHGEBboBHBORTBERBEREREBRROERRRLORR

RETRIEVAL DATE 06/18/75

APBRTI 17=149 1974 SHRFACF

STATINM TEMP NeOe PH conn SFECrI NO2=N NO3=N NH3=N TKN

NUHRE R NG=C MG/L FIELRD FIELD cM MG /L - MG/L MG/L MG/L
YT Y E-X-1 H#hpapata andadess [T 22X X2 2 XX XXX X Y YY Y2 L L [T X-X-X-X 1 X222 X X L Hgnonss HSutpsnts

t - 22 24,40 7.5 6,30 120. 145, 0,000 -0s004 «040 -7
L= 23 P5.00 TaR 6.10 120 A2. aON4 =0:004 « 050 «9R
Le 24 246 .00 B,P 6,50 Qb » 160 =N.0N4 =0.004 + 040 +59
La 75 26,50 8.5 6,70 qle. 195, «-N, 0N =0.004 0040 +50
L= 21 24,00 7.8 7.00 120, 1RG., -N,004 -0, 004 -0,010 .Y
L= 1R 24,00 7,0 7.05 290, 7. 006 +190 «020 82
L= 9 2T1.00 l2.n 8,60 A10. 45, =0,004 2110 .80 1,13
L= 17 25.00 10,8 8,30 1ah, 66 0,004 w0004 020 leba
L= 16 264,00 10,n B,A0 180, b4, -0,0N4 ~0,004 .030 1.87
L= '8 23.8n0 9.7 8,70 1404 60, =000 -0,004 « 030 1.61
L= 14 23,580 q9.n 0049 160, 4G, 0,004 «NT6 oOwO 2.22
L- '3 231,70 B,k T.10 1604 464 -0,004 231 010G 1,07
|.=- 12 23,85N0 8,0 OQOD 140, 46, l:-o:& 114 IO.OHO Ho.ﬁ.._
L= M1 23.00 R,5 7.30 1720, Y- -0,004 +008 «050 2.52
L= 10 22.5n A4 7T.10 150 &, =-N,0N& 0,004 040 1.467
l.= <] 22.50 S.4 6,20 150 5%, =0,00na + 009 «020 «81
Le 9 24,70 Tt 6,60 160, 47 =0, 004 «0,004 « 040 l.19
L- 1 23,50 R.4% T.20 120 103, =0,004 =0aN0k «020 s 69
lL- 2 23,1n R, 7.20 135, 71, =-0,0064 -0,004 «030 95
ta 3 25,40 a,1 1,00 140 102, 0,004 _ «082 010 «8n
L= &K 25,00 8,90 8,10 150, 95, -0,004 «007 020 +86
L= 7 25.0N 9.1 8,20 150, 98, 0,004 =0,004 «010 B}
L= 4% 25,60 R.9 8,720 145, 98, =0,004 «132 -0,010 1.04
L= LY NW.J: 9,4 8,25 150, 73, 0,004 =~0,0064 010 1.38
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YIS 22T I XIS L AALL S LA 8
# wISSIMMEF LAkg RASTN = P32 F
PETTIYT TN T YL R L LYY LA L AL L L g A

RETRIEVAL DATE 06/18/75

JUNF 1R=Pn 1974 GiRFACF
STATION TEMP De0. PH CONP SrCCHI NO2 =N NO3=N NM3=N TKN
NURFR CG=C "MG/L FTELP FIELD CM MG/ MG/L MG /L MG/L

YT Yy X.2.X 222 XX X YT T2 X2 T LY XX T X X 2 XYY XXX ) [ I XXX R A A0 SRBDHOND HEBBBHRN T 22 11 LT YR YY)

| - 2P 3IN,00

7.7 6,70 130, 122. =f,0Nn& «00& L011 .90
L= 23 A7.20 heR 6.70 125 108 =0e0N4 013 062 1017
L- >4 33.00 Tuh 7.00 130 169, =NeDNG =0snN04 =0.010 095
L= 7% 32,50 Teb T.05 130, 188, 0,004 =0,004 .027 1,27
Le ?1 A0, 50 7.5 7,10 110, 186, “0,004 ~0.004 077 .58
L= YR 3n,no e 7,20 310 S6s Ong « 056 . 037 1,46
L 19 an, no 9,9 8,70 228, 41, -0,0N4 «0,004 016 2.50
L- 17 3o, no .4 8,70 150, 52, -0,006  -0,004 ,010 1.78
L= 1& n,?0 12,8 9,60 200, 46, -0,004 ,N22 «0,010 2.7?
L= 15 30,00 Hmoﬂ O.ﬂo N‘D- 56. =0,004 w004 Io.cﬂc 2.647
Le Y4 an,s0 12,n 9,70 210, 55, 0,004 -0,004 -0,010 2.69
L- 13 2R, 50 10,2 9,20 1454 35,  =0,004  =0.,004 .015 2428
L 12 28,00 6,6 8,40 165, is, 0,004 ~0,006 =0,010 2.67
L= 11 2H.8N R,.5 9.10 190, 39, -0,004 =0,004 013 2.8?
Le 10 29.5N0 B, 8,85 165 38, =N,004 «006 «011 2:56
L= 8 2R.80 5.3 6,70 160, 50, =0,004 =0,004 « 029 1.87
- © 2R.50 6.7 6.,A0 160 32, “0,0N4 « 006 + 019 2.95%
_ll 4 N’.DO 4.” ﬂ.ﬁo wmmt JO. ‘0093& aoom .O&.O M.OH
L- 2 28,30 6.9 7,85 140, 60, -0, 004 -0,004 061 2446
L- 3 29,50 6.8 6,90 1454 50,  =0.004  =04006  =0,010 1.54
L= 6 29,00 B.3 8.60 150, 91, -0,004 -0,004 -0,010 1.89
L= 7 29,00 AN 8,60 145 T4, =0,0Na =0e004 ~0,010 1.55%
L- & 2R.50 A,? 8.R0 150, A7, “0,00& w0004 -0,010 2.39
L= 5 29,40 a,5

m-mc HﬁD- 69, IQQQD& lo.:c& IQQQHO N-N:

NI A
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